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Ion exchange resins (1) have been used in the investigation of A substance 
hydrolysates (2), but apparently no attempt has been made to determine 
whether they can be profitably used in the isolation or purification of 
undegraded A substance’ from sources such as hog gastric mucin. Studies 
along these lines are reported in this communication. 
EXPERIMENTAL 
ion Ezchunye Resins-De-Acidite (The Permutit Company, New York), 
washed on a 40 mesh screen with distilled water, was treated several times 
with aqueous 4 per cent sodium carbonate and repeatedly washed with 
distilled water, by suspension and decantation, until the supernatant liquid 
was colorless and had a pH of 8.0 or less. The resin collected on a suction 
filter contained 70 to 80 per cent water. 1 gm. (dry weight) of the resin 
contributed less than 0.05 milliequivalent of base to 75 ml. of distilled water 
when the suspension was allowed to stand, with frequent shaking, for 2 days 
at 25”. Under the same conditions 1 gm. (dry weight) of the resin re- 
moved 95 per cent of the hydrochloric acid from 75 ml. of a 0.066 M solution 
and 85 per cent from 75 ml. of a 0.093 M solution. 
Amberlite IR-4 (The Resinous Products and Chemical Company, 
Philadelphia) prepared as described above, contained approximately 35 per 
cent water, and 1 gm. (dry weight) of the resin removed more than 95 per 
cent of the hydrochloric acid present in 25 ml. of a 0.166 1~ solution. 
Amberlite IR-100 (The Resinous Products and Chemical Company), 
treated with 1 per cent hydrochloric acid and washed free of chloride, gave 
a product containing approximately 35 per cent water. 
A Substance Preparations-A 2 per cent suspension of hog gastric mucin 
granules (Wilson), adjusted to pH 4.4 to 4.5 with glacial acetic acid, was 
* This work was supported in part by a grant from the United States Public Health 
Service. 
t Contribution No. 1225. 
1 Delined as a substance effective in inhibiting isoagglutination of human blood 
group A cells by group B serum and also effective in inhibiting lysis of sheep erythro- 
cytes by human blood group A cell immune rabbit sera. 
969 
970 BLOOD GROUP A-SPECIFIC SUBSTANCE 
centrifuged twice in the open bowl of a Sharples centrifuge at 20,000 
R.P.M. The centrifugate was used either directly or after ethanol fraction- 
ation (3, 4). 
Procedure 
Sufficient exchange resin was added, unless otherwise indicated, to a 1 to 
2 per cent aqueous solution of the A substance preparation to provide 4 to 5 
gm. (wet weight) of freshly washed resin for each gm. of dissolved solid. 
The suspension was stirred for 2 to 3 hours at 5”, filtered, and the operation 
PH 
4 3 2 I 0 I 2 3 
Millimoles x lO*HCl Millimoles x IOe NaOH 
FIG. 1. Titration curves of A substance preparations. Curve 1, Fraction 
Curve 2, Fraction 128; Curve 3, Fraction 141. 
136; 
repeated. The resulting solution was either lyophilized or subjected to 
further treatment with a different exchange resin. Equivalent N-acetyl- 
glucosamine contents and inhibition of hemolysis titers were determined as 
described previously (4, 5). Titration curves were determined by adding 
sufficient hydrochloric acid to 50 mg. of solid in 5 ml. of water to decrease 
the pH to 3.0 or less and then titrating with 0.040 M sodium hydroxide. 
Since an inflection point was observed at pH 8, the data are plotted in Fig. 1 
with reference to the number of millimoles of acid or base required to change 
the pH of the above solution from pH 8 to some other pH. 
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DISCUSSION 
Within limits the equivalent N-acetylglucosamine content (5) of an A 
substance preparation can be taken as an index of the A substance activity 
of the preparation, evaluated in terms of inhibition of isoagglutination or 
inhibition of hemolysis (4, 5). Preliminary experiments based upon the 
determination of the equivalent N-acetylglucosamine content of an A 
substance solution before and after treatment with a solid adsorbent previ- 
ously equilibrated with water indicated that of a number of adsorbents 
tested the anion exchange resins De-Acidite and IR-4 and the cation ex- 
change resin IR-100 were sufficiently promising to warrant further investi- 
gation.2 
The results obtained by treating an aqueous solution of hog gastric mucin 
with the above ion exchange resins, either singly or in combination, are 
given in Table I. It. is noteworthy that successive application of De-Acidite 
and IR-100 gave a preparation which was as active in the hemolysis test3 as 
those obtained from mucin by ethanol fractionation (3,4). The separation 
of a resin-treated mucin solution into a clear supernatant and a less active 
viscous precipitate is reminiscent of the behavior observedwhen A substance 
preparations obtained from mucin by ethanol fractionation are electro- 
dialyzed (4) .4 Although resin treatment will give products3 as active as 
those obtained by ethanol fractionation, there is no evidence that further 
treatment of the product with any of the above resins will lead to more 
active preparations such as those obtained by a combination of ethanol 
fractionation and electrodialysis.4 
A substance preparations of varying purity, obtained from hog gastric 
mucin by ethanol fractionation or electrodialysis, were subjected to resin 
treat,ment and, in contrast to the experience wivith mucin, only in one instance 
was an increase in activity observed (Table II). In the isolation of A 
substance from hog gastric mucin, it has been noted that an increase in A 
substance activity is usually accompanied by an increase in t’he equivalent 
N-acetylglucosamine content of the preparation (4).4 However, with A 
substance preparations containing more than 10 per cent equivalent N- 
acetylglucosamine, the equivalent N-acetylglucosamine content, may not 
necessarily increase with A substance activity upon further purification and 
in some instances may actually decrease.4 This behavior is not unexpected, 
since it has been pointed out that blood group-specific substances other than 
the A substance contain alkali-labile bonds involving N-acetylglucosamine 
2 It is possible that with a different test or under different conditions other ad- 
sorbents may have been selected. 
3 Comparable titers were also obtained with the inhibition of the isoagglutination 
test which would indicate that resin treatment does not cause the degradation of 
A substance. 
4 Holzman, G., and Niemann, C., unpublished experiments. 
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TABLE I 
Inhibition of Hemolysis Titer and Equivalent iV-Acetylglucosamine Content of Hog 
Gastric Mucin Suspension after Successive Treatments with Seaeral Exchange 
Resins 
Fraction No. 
of product 
quivalent 
\-ggl- 
amine 
contents 
7.6 
8.9 
10.8 
11.6 
11.2 
11.7 
11.2 
10.5 
9.2 
Aqueous suspension of hog gas- 135 727, from 0.19 f 0.02 
tric mucin granules centri- mucin 
fuged twice at pH 4.4; ccntrif- 
ugate 
Fraction 135 treated twice with 136 83% from 0.16 -or 0.01 
De-Acidite No. 135 
Fraction 136 treated twice with 137 (PPk.) 5Ooj, from 0.11 ). 0.01 
IR-100; clear supernatant and No. 136 
viscous ppt. obtained upon 138 (super 23yo from 0.105 f 0.005 
standing 24 hrs. ; separated natant) X0.136 
Fraction 137 treated twice with 139 100% from 
IR-4 No.137 
Fraction 135 treated twice with 140 100% from 
IR-4 No. 138 
Fraction 136 treated twice with 141 67ye from 0.12 f 0.01 
JR-100 and twice with IR-4 No. 136 
Fraction 135 treated alternately 152 (super 32ye from 0.14 * 0.02 
4 times with De-Acidite and natant) mucin 
IR-100; allowed to stand 4 154 (ppt.) 207~ from 0.19 f 0.02 
days; turbid supernatant and mucin 
viscous ppt. obtained; sepa- 
rat.ed 
Fraction 152 treated with De- 153 SS7e from 0.12 i 0.01 
Acidite and IR-100 No. 152 
* 4 to 5 gm. (wet weight) of the exchange resin per gm. of material treated were 
used for each treatment, except in the preparation of Fractions 167 and 168, in which 
S gm. of De-Acidite per gm. were used for each treatment, and in the preparation 
of Fractions 152, 154, and 153, in which 0.5 gm. portions of De-Acidite and IR-100 
per gm. were used for each treatment. 
t Micrograms of test substance present in system in which sheep erythrocytes 
are 50 per cent hemolyzed by an anti-human A cell immune rabbit serum. The 
titers reported are the average of two or three determinations and are reported 
together with the average deviation of the several determinations. 
.$ Expressed as equivalent per cent of M-acetylglucosamine in test substance (5). 
The analytical data reported are the mean results of duplicate or triplicate analyses. 
The absolute deviation was in no case larger than 0.3 per cent (equivalent Iri-acetyl- 
glucosamine). 
11.2 
Yield Description of fraction* Inhibition of hemolysis titer? 
(5, 6), and it is known that 8- and O-specific substances can be separated, 
at least in part, by relatively simple fractionat’ion procedures (7).4 
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TABLE II 
Inhibition of Hemolysis Titer and Equivalent N-Acetylglucosamine Content of Some 
Blood Group A-Specific Substance Preparations after Treatment with Exchange 
Resins 
Description of fraction* 
- 
Aqueous suspension of hog gastric 
mucin granules centrifuged twice 
at pH 4.4; centrifugate (Fraction 
135) fractionated with ethanol; ma- 
terial soluble in 407, (by volume) 
ethanol, insoluble in 657o (by vol- 
ume) ethanol 
Fraction 143 treated twice with De- 
Acidite 
Fraction 144 treated twice with IR- 
100 
Fraction 145 treated twice with IR-4 
Aqueous suspension of hog gastric 
mucin granules; centrifugate frac- 
tionated withethanol; material sol- 
uble in 307e (by volume) ethanol, 
insoluble in 6570 (by volume) etha- 
nol; upon reprecipitation, insoluble 
in 457o (by volume) ethanol; dia- 
lyzed, then electrodialyzed 
Fraction 110 treated twice with De- 
Acidite 
Fraction 110 treated twice with IR-4 
Same as Fraction 110, except upon re- 
precipitation, material soluble in 
4570 (by volume) ethanol, insoluble 
in 65% (by volume) ethanol; dia- 
lyzed, then electrodialyzed 
Fraction 126 treated twice with De- 
Acidite 
Fraction 126 treated twice with IR-4 
P 
- 
143 
144 
145 
14i 
110 
167 
165 
126 
168 
166 
t 
. _ 
- 
Yield 
22% from 
mucin 
77% from 
No. 143 
100% from 
No. 144 
100% from 
No. 145 
74?& from 
No. 110 
91% from 
No. 110 
60% from 
No. 126 
8870 from 
No. 126 
See the corresponding foot-notes to Table I. 
Inhibition of 
hemolysis titert 
0.11 Xt 0.01 10.6 
0.105 f 0.015 12.0 
0.105 f 0.010 12.3 
0.11 f 0.01 12.1 
0.20 zt 0.02 11.8 
0.21 f 0.02 13.4 
0.20 f 0.02 11.8 
0.088 f 0.005 10.4 
0.070 f 0.005 11.9 
0.086 f 0.005 10.5 
The effectiveness of De-Acidite and IR-100 in reducing the “ buffering 
capacity” of mucin solutions and partially purified A substance preparations 
is clearly illustrated in Fig. 1. The anion exchange resin IR-4 was found 
to be markedly inferior to De-Acidite in this respect. Analysis of Fractions 
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135, 136, and 137 for total nitrogen, amino nitrogen, and amino acid 
nitrogen (Table III) revealed that De-Acidite was instrumental in removing 
acidic nitrogenous non-blood group-specific substances containing little or 
no amino nitrogen, whereas the substances removed by IR-100 contained 
substantial amounts of amino and amino acid nitrogen. At least part of the 
materials removed by De-Acidite are non-dialyzable.5 It is interesting to 
note that in a centrifuged mucin solution approximately 20 per cent of the 
solids are not precipitated by 66 per cent ethanol, whereas approximately 
30 per cent are removable by successive treatment with De-Acidite and 
IR-100. 
It has been observed that many A substance preparations are contami- 
nated by non-blood group-specific substances6 exhibiting marked specific 
absorption in the 260 to 270 rnp region (8). An A substance preparation 
(Fraction 110) containing a substantial amount of the “260 rnp component” 
(E:&. at 260 mp = 13.2) was treated with De-Acidite and the resulting 
preparation (Fraction 167) was found to have a value of E:Tm. at 260 rnp 
TABLE III 
Nitrogen Content of A Substance Preparations 
Fraction No. 
I 
Total N 
I 
Amino N 
I 
Amino acid N 
I per cent I ger cent I per cent 
135 8.4 1.9 1.0 
136 7.3 2.0 1.2 
137 6.4 0.16 0.09 
of 3.6. Treatment with IR-100 or IR-4 caused little or no decrease in 
extinction. The fact that De-Acidite was effective and IR-4 was relatively 
ineffective in removing the “260 rnp component” would indicate that the 
removal of this component by De-Acidite is not a simple anion exchange. 
An explanation of the mode of action of De-Acidite leading to the loss of the 
“260 ml* component,” a gain in the equivalent N-acetylglucosamine content, 
and no significant change in A activity must await the accumulation of 
additional data. 
SUMMARY 
The treatment of hog gastric mucin with the two ion exchange resins De- 
Acidite and IR-100 has given apparently undegraded A substance prepa- 
rations which are as active as those obtained from the same source by 
5 Bennetk, E. L., unpublished data. 
6 While the “260 ml* component” has not been obtained free of A substance, all 
evidence (8) points to its non-blood group specific character. 
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ethanol fractionation. This enrichment in A substance is due to the partial 
removal by these two resins of some of the non-blood group-specific com- 
ponents normally present in hog gastric mucin. 
The authors wish to express their indebtedness to Dr. D. H. Brown and 
Dr. G. Holzman for their assistance in this investigation. 
BIBLIOGRAPHY 
1. Kunin, R., Ind. and Eng. Chem., 40,41 (1948). 
2. Freudenberg, K., Walch, H., and Molter, H., Naturwissenschujten, 30, 87 (1942). 
3. Landsteiner, K., and Harte, R. A., J. Exp. Med., 71, 551 (1940). 
4. Brown, D. H., Bennett, E. L., Holzman, G., and Niemann, C., Arch. Biochem., 
13,421 (1947). 
5. Holaman, G., Bennett, E., Brown, D., and Niemann, C., Arch. Biochem., 11, 415 
(1946). 
6. Morgan, W. T. J., and Waddell, M. B. R., Brit. J. Exp. Path., 26,387 (1945). 
7. Aminoff, D., Morgan, W. T. J., and Watkins, W. M., Nature, 166, 879 (1946). 
8. Holzman, G., and Niemann, C., J. Biol. Chem., 1’74, 305 (1948). 
